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Trial results showed high nitrogen removal efficiency and
significant biomass production in a hypersaline, artificial
wetland

The development of marine recirculating aquaculture systems (RAS) is limited by the ability to
efficiently treat saline wastewater, which accumulates a large amount of nitrogen compounds derived
from the metabolism of the cultured organisms. In RAS, the removal of nitrogen compounds, mainly
ammonium and ammonia, is a priority for elimination because they quickly degrade the water quality
and have negative effects on cultured animals. Biofilters that promote the conversion of ionized and
deionized ammonium to nitrate are usually used for this purpose. Nitrate is not highly toxic to most
cultured organisms, with tolerable accumulated concentrations reported between 120 and 150 mg per
liter in marine RAS.

The recent development of integrated systems allows for the use of RAS waste products as nutrients,
coupling different water loops with the main fish or shrimp production water system. To take
advantage of these waste products, such as nitrogen compounds that accumulate in marine RAS, the

use of artificial wetlands with halophytes [plants that are salt-tolerant and grow in soil or waters of high

salinity, coming into contact with saline water through its roots or by salt spray, such as in seashores,
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This study evaluated the potential of Salicornia neej, a halophyte plant native to South America, to treat
saline effluents with simulated concentrations of ammonium-nitrogen and nitrate-nitrogen in a
comparable manner to land-based marine aquaculture effluents. Photo by Pato Novoa via Wikimedia
Commons.

saline semi-deserts, mangrove swamps and other environments] has been proposed. Halophyte plants
have the ability to absorb different forms of nitrogen, depending on different environmental factors.

If these plants are grown in lysimeters [measuring device which can be used to measure the amount of
actual evapotranspiration which is released by plants ] or wetlands, the interactions between the soil,
microorganisms and plants have a higher potential to remove nitrogen compounds and produce
biomass, which can be used as animal feed or human food
(https://doi.org/10.1016/j.envexpbot.2014.05.006), and in the production of biofuels or byproducts of
interest to the pharmaceutical industry (https://doi.org/10.1016/j.ecoleng.2005.07.002), among other
applications. Additionally, it has been demonstrated that these systems are also efficient in removing
residual phosphates (https://doi.org/10.1007/s10499-015-9898-3) from RAS.

Salicornia neei is a halophyte that lives in salty water, native to South America and abundantly
distributed on the South Pacific coast, where much of the marine aquaculture production in South
America is concentrated. S. neeiis used as gourmet food and is a type of emerging crop in the coastal
zone of Chile. This plant has been described as containing high quantities of nutrients and important
functional metabolites.
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This article — adapted and summarized from the original publication
(https://doi.org/10.3390/agriculture10120621), (Diaz, M.R. et al. 2020. Efficiency of Salicornia neeito
Treat Aquaculture Effluent from a Hypersaline and Artificial Wetland. Agriculture 2020, 10, 621) -
reports on a study to evaluate the capacity of the halophyte S. neei for use as a sink for dissolved
nitrogen compounds in effluent from land-based marine aquaculture systems, and to simultaneously
evaluate the resulting biomass production.

Study setup

We collected 100 Salicornia neei plants with fully developed roots and shoots in the “Salinas de Puyalli”
wetland, located in the commune of Papudo, Valparaiso Region, Chile, and transferred them to the
“Laboratorio Experimental de Acuicultura” of the Pontificia Universidad Catdlica de Valparaiso, in
Valparaiso, Chile. Plants were implanted in sand beds and irrigated for 10 weeks, and then they were
transferred to the experimental unit.

The experimental unit consisted of three separate RAS, each including three drainage lysimeters
(replicates). Each lysimeter was housed in a polyethylene container measuring 0.5 x 0.6 x 0.6 meters
(length x width x depth) with a surface area of 0.3 square meters and a total area per RAS of 0.9 square
meters. Four S. neei plants were implanted and grown in each lysimeter until a biomass of
approximately 1 kg per lysimeter or 3 kg per square meter was reached. Drainage water (effluent) was
returned to the respective collection tanks of each system to close the recirculating water loop.

Plants were cultivated for 74 days in drainage lysimeters under three treatments of seawater fertilized
with: (1) Nit + Amm, (2) Nit, or (3) without fertilizer (Control). The physicochemical parameters of water
quality were recorded directly from the drainage water during the first eight consecutive days after
nutrient addition.

For detailed information on the experimental design, lysimeters, data collection and statistical analyses,
refer to the original publication.
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Fig. 1: The diagram shows the design of one lysimeter, depicting the overall construction, water inlet and
outlet, substrate (sand and gravel separated by a mesh), and irrigation micro-sprinklers.

Results and discussion

The integration of halophytes as a biofilter in recirculating systems in marine aquaculture has been
proposed as an adequate alternative to decontaminating water with increased nitrogen compounds. In
this study we evaluated if artificial wetlands of S. neei could be used to treat saline aquaculture
effluent. S. neei was selected mainly due to its natural occurrence throughout much of the South Pacific
coast of South America, which would allow its rapid adoption in the growing South American
aquaculture. The nitrate-nitrogen removal rate and removal efficiency recorded in our study were higher
than or similar to those reported with other halophyte species in high salinity. Thus, artificial wetlands
of S. neei could be an adequate alternative for the treatment of highly concentrated wastewater
released from marine RAS operations.

Physico-chemical parameters of the effluent, such as temperature and pH, are especially important in
the treatment of saline wastewater because they can affect the determinant processes in the removal
of nitrogen compounds. In our study, temperature and pH were maintained within the optimal ranges
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(20-21 degrees-C and 7.8-8.2, respectively) and therefore did not affect the nutrient removal
processes. This finding is consistent with studies by other researchers reporting that, for denitrification
processes in wetland systems, the optimal temperature ranges between 20 and 40 degrees-C and the
optimal pH is approximately 8.0.

Another important parameter we evaluated in our study was the high effluent salinity, which reached
concentrations of up to 50 grams per liter of sodium chloride, NaCl. This increase was mainly due to
the known environmental factor of evapotranspiration, consistent with a data from other scientists who
found increased salinity of treated water in artificial wetlands despite the salt uptake by plants due to
soil evaporation and plant transpiration.

Nitrogen bioaccumulation was not determined empirically in this study, but we derived it from a
previous study (http://dx.doi.org/10.4067/S0718-16202016000200011) by our research group. That
study showed that the total of nitrogen fixed in the aerial part of S. neei corresponds to 1.76 + 0.08
grams per 100 grams of fresh weight. Similar results were obtained in Salicornia brachiata by other
researchers in India. Thus, we estimated that the total concentration of nitrogenous nutrients fixed in S.
neei at the end of our trial would be between 46 and 103.9 grams for the Nit treatment, whereas for Nit
+ Amm, the fixation would be between 57.8 and 130.1 grams of N for the total biomass formed by this
treatment, indicating that S. neei could assimilate most of the nitrogen available in this test.
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Fig. 2: Production of biomass of Salicornia neei by treatment expressed as yield of fresh weight per area
unit (kg per square meter). Nit + Amm: corresponds to the treatments irrigated with nitrate-nitrogen and
ammonium-nitrogen, Nit: irrigated with nitrate-nitrogen, Control: treatment irrigated with sea water only.
Lower-case letters represent significant differences between treatments. Mean values of three
lysimeters per treatment are displayed.

Based on these results, we can also suggest that S. neei can store ammonium-N if the differences of
the estimates in the two treatments are considered (approximately 20 percent more N with the Nit +
Amm treatment. This reflects the synergy produced by these two compounds when consumed at the
same time. However, other researchers have reported that the actual absorption may represent only a
relatively small fraction of the global rate of nitrogen (N) elimination, and that microorganisms have the
most important role in the use and transformation of nitrogen component.

In response to this uncertainty, other researchers have studied and obtained low removal rates by
plants. Specifically, Tanner et al. (https://doi.org/10.1016/S0925-8574(02)00011-3)found that of the
total nitrogen removed by planted wetland systems, only 25 percent corresponded to fixation in plants.
Similarly, Lin et al. (https://doi.org/10.1016/S0044-8486(01)00801-8)observed that, of the 73 percent
of nitrogen removed, only 11 percent was fixed in plants. Despite the above, Webb et al.
(https://doi.org/10.1016/j.ecoleng.2013.09.058) observed significant differences between the nitrogen
removal capacity in beds planted with and without halophytes: in their study, they demonstrated a
higher removal yield in planted beds than in unplanted beds.

This is consistent with our results that show nitrogen removal is proportional to biomass. Therefore, we
cannot rule out that the increase in biomass exclusively explains the increase in the nitrate removal
rate. In fact, it is plausible that a strong root system formed by this class of plants supports the
establishment of certain microorganisms that improve the removal rate of nitrogen loads by acting
synergistically.

The formation of S. neei biomass during the evaluation period reached a total net weight of 7 to 8 kg
per square meter over a period of 11 weeks in the treatments irrigated Nit and Nit + Amm respectively.
These high yields in biomass production are comparable to those obtained by Ventura et al.
(https://doi.org/10.1016/j.scienta.2011.02.001), who reported yields for the related species Salicornia
persica reaching 16 kg per square meter in a span of 24 weeks. By comparison, S. neei plants remained
vigorous throughout the evaluation period, even at high salinity concentrations close to 50 grams per
liter of NaCl.

This inherent feature of halophytes highlights the powerful response mechanisms to abiotic stress
triggered by S. neej, reinforcing the feasibility of including this plant for aquaculture effluent treatment.
Regarding removal of the two sources of nitrogen compounds, there was a positive interaction between
the ammonium/nitrate supplied for biomass formation of S. neei.

Perspectives

Our results demonstrate that the integration of S. neei into artificial wetlands with recirculating
aquaculture effluent would be a viable alternative for eliminating nutrient loads in saline wastewater
and that this plant has potential for marine RAS systems in South America.
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